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IIVESTIGiTIOl  OP  TBB  EFPBCT  OF  OPBBhTIOR  OP  BIGB-VOLT4GB  IHPOLSE 
CIPACIfOB  IB  BIO  BODB  01  ITS  0PBI1TIIG  LIPB 


V.  D.  Bespalov,  V.  V.  Roeotop. 


Darin?  the  developnent  of  high-voltage  iapuls"  capacitors  of 
varlons  purpos:  and  high-voltage  iapuls?  installations  with 
capacitive  energy  storages  (for  aagnetopnlse  tr~atnent  of  aatals, 
powerfal  storage  batteries,  etc.)  there  inevitably  appears  the 
gnestioa  about  how  the  operating  life  of  the  capacitor  will  be 
changed  with  fcha  change  of  its  operating  nodes  (poise  recurrence 
frequency,  current  frequency  in  discharge  circuit,  degree  of  daapiag, 
etc. i  . 


The  correct  answer  to  this  question  nates  it  possible  to  solv* 
the  problaa  of  optiaua  designing  of  the  capacitor  and  the 
installation  on  the  whole. 
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Below  ve  vi  11  exaaine  the  affect  of  the  operating  code  on  the 
ope ratio?  life  of  the  capacitor.  Is  dielectric  ve  used  condenser 
tissue  of  brand  KOB-XX,  5  p  thick,  ispregnated  vith  aedical  castor 
oil.  Betveen  the  plates  were  6  layers  of  tissue.  Construction  of  the 
section  is  flat,  aaount  of  capacitance  -  0.03  pP. 

The  results  of  aeasureaent  shoved  that  the  lav 'of  distribution 
of  failure  of  the  investigated  capacitors  conforas  to 
standard»logarithaic  distribution.  Por  obtaining  reliability  not  less 
than  0.8  each  experinent  vas  repeated  22  tiaes. 

The  effect  of  the  asount  of  daaping  (relationship  of  the  aaount 
of  voltages  (or  current))  0a/0a  vas  studied  vlth  working  gradient 
8*150  kv/ea,  pulse  recurrence  frequency  f*5  Hz.  current  frequency  in 
the  discharge  circuit  P»100  kHz,  teaperature  t*20-25°c  in  the  rang* 
of  relationship  Ut/Ua  free  0.85  to  0.3. 

Pig.  1  shovs  the  curves  of  dependence  of  the  operating  life  oa 


the  aaount  of  daaping:  curve  1  is  constructed  by  the  results  of 
investigations  conducted  is  Ihar'kov  Polytechnic  Institute  (KhPI). 
and  curve  2  is  taken  for  capacitors  of  the  firs  "Siaens"  [1]. 


DOC  «  1932 


PACE  3 


Fig.  1.  Dependence  of  t ho  operating  lift  of  capacitor  on  the  dagrea 
of  daaping. 


Kay:  (a)  Expected  operating  life*  o/o.  (b)  Degree  of  daapiag. 

This  dapendence  can  be  expressed  by  the  following  eapirical  fornela: 

Mmw+wsL  y  (l 

where  B  -  operating  life  of  capacitor;  C,  B,  n  -  coefficients*  the 
▼nines  of  which  are  egnal  to:  carte  1  -  0*1. 21*10+;  B»0.023j  n>*.3; 
caret  2  -  C»0.65*10+;  8*0.036;  n*3. 


Froe  carve  (1)  we  see  that  the  operating  life  of  the  eapecitor 
depends  on  the  talas  of  relationship  0t/0,  and*  for  exasple*  with 
change  fros  daeping  0.05  to  0.1  is  increased  alaost  10  tines. 


the  ntchanisa  of  failors  of  dielectric  of  the  capacitor  with 
polar  iapragaatioa  with  change  of  the  taloa  of  the  daeping  ratio  can 
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probably  be  explained  by  increase  of  the  intensity  of  partial 
discharges,  sisllar  to  that  which  occars  daring  a  siailar  sitoatloa 
in  capacitors  with  isprogaatioa  by  ainaral  oil  [2]. 

fha  effect  of  the  pelse  racarreace  frequency  was  stadied  in  the 
fragaency  rasga  froe  1  to  10  Os  with  the  following  initial 
praregnisites:  8*150  kf/aa,  0*/0t»0. 85,  f*100  kHz,  t*20-25°c. 

The  results  of  azpariaants  can  be  described  by  the  following 
aapirieal  f ornnla  of  type: 

M  ■•/* i .  (2) 

whara  f  -  frequency,  Hz; 

a,  b,  -  coaffidents,  which  are  egnal  to  a*3.3*l0*,  b*0.021. 

Osnally,  in  BIOS  the  paisa  racar ranee  frequency  is  l&ss  than  1 
Bz,  therefore  the  relationship  to  fregaancy  cannot  be  conslderad. 

soee  increase  of  the  operating  lifa  of  the  capacitor  with 
increase  of  tha  palse  recurrence  fregaency  can  be  explained  by  the 
different  tine  the  capacitor  is  asder  voltage  in  the  process  of 
charge  [3].  The  connection  between  the  operating  life  of  the 
capacitor  and  the  carrent  fregaency  in  the  discharge  circuit  and  the 
operating  life  and  working  gradient  [h]  is  expressed  respectively  by 

I  . 


I 
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foraala 

(3), 

•bars  P  -  frequency  o£  currant  in  tha  discharge  circa!*: ,  kHz; 

k,  1  -  coefficients,  values  of  which  are  obtained  fron  carve  [1]  and 
are  equal  to  k*4.8*10*,  1*0.43. 

M-AB-,  (4J 

where  B  -  working  gradient,  kV/aa; 

ft,  a  -  coefficients,  values  of  which  were  foand  experimentally 
(1*4.820*10*4,  1*8.00). 

By  coebining  forealas  (1-4),  it  is  possible  to  obtain  tha 
following  relationship  of  the  operating  life  of  the  capacitor  to  its 
operating  node. 

*-*»**r*HrH*+(B^  '  • 

where  a,  b,  1,  8,  n  -  eapirlcal  coefficients. 

Thus,  a  foraala  is  obtained,  which,  on  the  one  hand,  daring 
developaent  of  iapalse  capacitor  and  selection  of  *-he  operating  life 
aakes  it  possible  to  consider  its  operating  node,  and  on  the  other 
hand,  with  the  presence  of  a  capacitor  with  assigned  parameters  to 
predict  how  its  operating  life  will  be  changed  with  change  of  the 


V* 
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operating  node. 

Pig.  2  shows  the  noaogras,  bp  which  w*  find  the  required 

operating  life  by  the  assigned  paraaetars  of  equation  (S)  (for 

this  froa  £.  let  us  aove  along  the  vertical  to  g^,  then  along 

*  M\ 

horixontal  to  rt ,  along  vertical  to  f  and  along  horizontal  to 


Pig.  2.  Voaogran  for  deternination  of  the  operaring  life  of  inpuls 
capacitor  fron  change  of  its  operating  node. 

Ray:  (a)  Relationship,  (b)  Hu. 
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